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I 


• THE NEED ha.*^ lonp; been apparent for a 
high-quality lalwratory oscillator cover¬ 
ing both audio and supersonic frequen¬ 
cies. Present-day laboratory measure¬ 
ments of gain, distortion, impedance, 
and frequency response require a |X)wer 
source covering frequencies well above 
the nominal audio-fn»quency limit of 
20,000 cycles, and having as well the 
desirable characteristics of low distortion, 
stability of frequency, and unifonn output over the frequency range. 
The Type 1302-A Oscillator has been designed to meet these re¬ 
quirements. In addition, the oscillator is easy and convenient to 
use, is stabilized against the effects of line-voltage changes, and has 
separate output circuits for high- and low-impedance loads. A dis¬ 
cussion of the circuit will show how these features are achieved. 
Oscillator - Figure 2 is an elementary schematic diagram of the oscilla¬ 
tor. The basic oscillator circuit employs a two-stage amplifier and a 
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modified form of a Wien bridge. The out¬ 
put of this frequency-selective network 
balances to a null at one frequency and 
results in a negative feedback voltage at 
all others. Thus the amplifier has a maxi¬ 
mum gain at the frequency at which the 
negative feedback voltage approaches 
/.ero. This condition can cause oscillations 
of theamplifierat one frequency, if apasi- 
live feedback voltage is introduced which 
has just sufficient amplitude to equal 
the losses around the loop. The ampli¬ 
tude of oscillation can thus be con¬ 
trolled by means of the positive feed¬ 
back voltage, and to do this, a second 
set of bridge arms is added in parallel 
with the reactance arms of the modified 
Wien bridge. These additional bridge 
anus are re.sistive, but one is an incan¬ 
descent lamp, which has a non-linear 
resistance. 

The operation of these circuits can 
be I Hitter understood by referring to 
Figure 3, which shows their development 
from the simple Wien bridge. An 
examination of Figure 2 will show that 
the voltage at the junction point of R 3 
and lii can result in either positive or 
negative feedback around the loop, de¬ 
pending upon the relative magnitudes 
of Ha and lii- P'eedback directly from 
the plate of V-2 produces regeneration; 
while feedback from the cathode results 
in degeneration. 

Pro|H?r selection of the ratio of R 3 to 
U 4 will result in a positive feedback 
voltage just sufficient to maintain 
oscillations at the normal level. An 


increase in e, will cause an increase in 
the total bridge voltage and thus result 
in a current increase through Ra and 
R 4 . Since the resistance of R 3 varies 
with the current through the lamp, the 
ratio of R 3 to R 4 has been changed in 
a direction so as to reduce the magni¬ 
tude of 02 . This reduction in positive 
feedback compensates for the increase 
in e^, thus producing a-v-c action. 

For frequency control elements, the 
two reactance anus of the modified 
Wien bridge are used. The two capaci¬ 
tances Cl are ganged variable-air con¬ 
densers driven by the main tuning dial; 
while the resistances R 2 are selected by 
means of the multiplier switches. 

Amplifiers—A buffer amplifier is used 
to isolate the output control from the 
oscillator section and thus to prevent 
reaction of the control upon the fre¬ 
quency of the oscillator. The output 
control is located ahead of the final 
amplifier in order that it have no effect 
upon the balance and the magnitude of 
the load imf^edances. 

Negative feedback is employed in the 
amplifier to reduce harmonic distortion, 
to provide a flat frequency response, and 
to minimixe the effects of tube character¬ 
istics. Transfonners are not used, be¬ 
cause of the wide frequency range 
covered and the low distortion require¬ 
ments at low frequencies. 

Power Supply—The power supply em¬ 
ploys an electronic voltage regulator, 


Figur* 2. EI«m»ntory schtmatic circuit diagram of Iho occillotor. 
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which Cora bines the functions of plate 
voltage regulation and power-supply 
filtering. The power transforraer is 
designed for 50- to 60-cycle operation 
and can be changed from 115-volt to 
230-volt operation by changing taps on 
the transforraer primary. 

OPERATING CHARACTERISTICS 
Frequency Range 

The use of the Wien bridge as a 
frequency-fietermining circuit makes it 
possible to cover a wide range of fre¬ 
quency quickly and conveniently. The 
main dial is direct reading from 10 to 
100 cycles, and multipliers of 1, 10, 100, 
and 1000 are provided. 

A full decade of frequencies is covered 
by a 180-degree rotation of the dial. 
Decade changes in frequenej’’ can be 
obtained by depressing the panel multi¬ 
plier switch. This arrangement is par- 
^ ticularly convenient when bridge meas¬ 
urements are to be made over several 
decatles of frequency. 

The variable air condensers used as 
the frequency-controlling elements give 
complete freedom from the contact 
irregularities asually encountered with 
variable resistance elements. Precision 
fixed resistors are used to provide 
multiplier ranges. 

Frequency Stability 

For many applications, among them 
bridge measurements at low frequen¬ 


cies, it is desirable that any frequency 
drift be a constant percentage of the 
operating frequency rather than a 
constant mmiber of cycles, as in a beat- 
frequency oscillator. Any drift occurring 
in the Type 1302-A Oscillator is of this 
t>’pe. The use of air condensers and pre¬ 
cision resistors holds frequency drift to 
an extremely small value—^not more 
than 0.2% per hour after a warm-up 
IKjriod of 10 minutes. 

In measurements, one source of con¬ 
siderable annoyance Is the erratic fluctu¬ 
ation of the frequency and amplitude 
of an oscillator, caused by sudden shifts 
in the ix)wer line voltage. In many in¬ 
dustrial laboratories line voltage surges 
are common and occur whenever heavy 
intermittent loads are .switched on or 
off in the plant. It Is necessary to 
compensate the oscillator for transient 
voltage surges, a.s well as for the aver¬ 
age line voltage shifts, if these effects 
are to be minimized. The voltage-regu¬ 
lated power supply in this oscillator has 
been designed so as to eliminate the 
effects of line voltage variations be¬ 
tween the limits of 105 to 125 (210 to 
250) volts. 

Waveform 

Bridge measurements, the mca.sure- 
ment of the transmls.sion characteristics 
of filters, distortion measurements, and 
a number of others require good w’ave- 
form in the iwwer source. The Wien 


Figure 3. D*v«lopfn«nt of tho otcillcrtor circuif from tht botic Wion brldgo; (o) shows tho froquoncy*ssltctivo 
Wion bridgo circuits; (b) tho circuif with o second poir of arms shown doftsd; (c) ths compisto oscillator fsodbock 
circuit; (d) omplifudo and froqusney choroctoristics of tho two fsodbock circuits. 
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bridge circuit inherently suppreKses har¬ 
monica, as Fhown in Figure 2, while the 
degeneration practically eliminates dis¬ 
tortion in the amplifier. The total 
dL«tortion at any frequency is less 
than 1%. 

Output Circuit Characteristics 

There are two output circuits pro¬ 
vided: one unbalanced and designed to 
work into any load impedance down to 
5000 ohms, and a second, balanced, out¬ 
put for use with a 600-ohm load. The 
600-ohm balanced output may also be 
operated into a 300-ohm load with one 
side grounded. These impedances cover 
a sufficient range for most bridge meas¬ 
urements. For matching other load im- 
pcniances, the Type 578 Shielded Trans¬ 
formers are recommended. 
y The output level is held constant 
within ±1 db over the entire frequency 
range by the bridge-type automatic 
amplitude control. Approximately 80 
milliwatts into a 5000-ohm unbalanced 
load, or 40 milliwatts into a bal¬ 
anced 600-ohTn load, can bo obtained. 
Open circuit output voltages are 
approximately 22 and 10 volts, respec¬ 
tively. 

The effective output impedances are: 
Ixjtween 250 and 750 ohms for the 
5000-ohm position and 550 ohms, con- 


.stant, for the 600-ohm position. The 
600-ohm position is intended to match 
into 500-ohm/600-ohm lines. 

General Applications 

Because of its wide frequency range 
and flat output voltage characteristic, 
this oscillator is w'ell adapted for taking 
frequency response characteristics on 
amplifiers, telephone lines, filters, etc. 
Extremely rapid **spot checks,'' at fre¬ 
quencies exactly one decade apart, are 
possible owing to the decade switching 
feature. The wide frequency span, ex¬ 
tending well into the ultrasonic range, 
is useful in checking the overall phase 
shift characteristics of audio amplifiers 
emplo 3 ing feedback circuits. 

The instrument is reasonably well 
shielded, and the output is available 
through coaxial-tjrpe connectors, fea¬ 
tures w^hich make the oscillator suitable 
for bridge measurements using sensitive 
detectors. The output terminals arc 
arranged to be used with either Type 
274 (pin-type) or Type 774 (coaxial) 
connectors. 

The frequency range includes all fre¬ 
quencies at which the Type 716-C 
Capacitance Bridge is direct-reading, 
and consequently it is an excellent 
oscillator for use with that bridge. 

— C. A. Cady 


SPECIFICATIONS 


frequency Ranget 10 to 100,000 cycles, in four 
ranges. Ea«*h range covers a decade (10-100 
ryrlCT, 100-1000 cycles, 1000-10,000 cycles, and 
10,000-100,000 cycles) continuously variable. 
Frequency Controli The main control dial is en¬ 
graved from 10 to 100 cycles over a scale len^h 
of approximately 8^ inches. Four multiplier 
switches multiply the scale frequencies by 1,10, 
100, or 1000. 

Frequency Collbratloni Each instrument is ad¬ 
just^ within d:(1-4%+0.2 cycle). 

Frequency Stabllltyi The warm-up drift is less 
than 1% in the first ten minutes and is leas 
than 0.2% per hour thereafter. 


Output Impedance I Tw o output circuits are 
provided, balanced GOO ohms and unbalanced 
5000 ohms. 

The internal impedance of the 600-ohm out¬ 
put is constant at 550 ohms unless the LOW 
output terminal is connected to ground by 
means of the strap provided on the panel. The 
output impedance is then halved, and the out¬ 
put is unbalanced to ground. 

The 5000-ohm output position is intended for 
5000-ohm loads, unb^anced to ground, although 
the effective internal impedance of the oscillator 
averages about 400 ohE^ in this position. 
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Output Voltogui Approximately 20 volts open 
circuit on 5000-ohm output and 10 volts open 
circuit on 600-ohm output. The output volt^e 
is constant within rfcl.O db over the entire 
frequency range. 

Output Powun A maximum power output of 
80 milliwatts can be obtainea into an unbal¬ 
anced 5000-ohm load. A maximum of 40 milli¬ 
watts can be obtained into a balanced-to- 
ground 600-ohm load (20 milliwatts into an 
unbalanced 3CK)-ohm load). 

Wovuformt Harmonic content is less than 1% 
for all output values and at all frequencies. 

A-C Humi 5(XX)f2 output, 24 millivolts, maxi¬ 
mum. 6(X)fl output, 12 millivolts, maximum. 

TarmlnoUt Jack-top binding posts with stand¬ 
ard $^-inch spacing and standard General 
Radio Type 774 coaxial terminals are provided 
on the panel. The separate ground terminal 
has a strap which can be used to ground the 
LOW output terminal. 


Mounting: The instrument is normally supplied 
for relay-rack mounting but can be easily 
a^laptcd for table mounting by the addition 
of two walnut frames at the ends of the panel 
(see price list below). 

Powor Supply: 105 to 125 (or 210 to 250) volts, 
50 to 60 cycles. 

Total power consumption is about 90 watts. 


Tubai: The following tubes are used and are 
all supplied with the instrument. 


2-^SL7-GT 
2—6B4-G 
1—6AK6 
1—6F6 


1—6V6 
1—6J5 
1—5V4-G 
1—0D3/VR-150 


Accostoriat Supplladi A line connector cord, 
coaxial connector for output, multipoint con¬ 
nector, and Type 274-M plug. 

Dimanfion»: (Length) 19^s X (height) 7^ x 
(depth) 14 K inches, over-dl. 


Nat Walght: 30 pounds. 


Type 


Code Word 

Price 

1302-A 

1 Otcillatof 

1 FINAL 1 

$365.00 

ZFRI-412.P1 

1 End Fromet 

1 ENDFRAMDIG | 

16.50 Pair 


This instrument is manufactured and sold under the following U. S. Patents and license agree¬ 
ments: 

2,173,427 2,298,177 

Patents of the American Telephone and Telegraph Company. 


V-LINE VARIAC REGULATION CURVES 


Variac continuously adjustable auto- 
transformers are extremely eflScient volt¬ 
age controlling devices. They have, how¬ 
ever, a small regulation drop under load. 
The accompanying curves are illustra¬ 
tive of typical performance of the new 
General Radio V-line Variacs. 

Figure 1 applies to all models oper¬ 
ated normally at rated load current. 
Normal operation implies 115-volt sup¬ 
ply for low voltage models and 230-volt 
supply for models. Values are not 
substantially changed by the use or 
omission of the overvoltage feature. 

Figure 2 applies to all models oper¬ 
ated at one-haJf normal line voltage and 
one-half normal rated current. This 
covers such special cases as the use of 


an model to secure 0 to 270 volts 
from a 115-volt line. 

Regulation varies directly with load 
current as follows: 

rw X. /% actual load 

% = ioad)^ rated load 


Figure 1. Percentage regulotion at a function of 
output voltoge for Varioct operated normolly. 
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FIgwr* 2. P«rc«ntag« rvgulotion a« o function of out¬ 
put voltogo whon Input voltogo it ono-holf normal 
lino voltogo. 


Where “H” models are operated 
at one-half rated voltage for 25 


cycle applications, the regulation 
values of Figure 1 must be doubled, 
owing to the halving of the supply 
voltage. 

Note that the normal values of 
Figure 1 are comparable to the regula¬ 
tion of any good auto-transformer, and 
that, at their maximum, they are but 
half the regulation of a conventional 
double w’ound transformer. 

Values given are typical. Individual 
Variacs will differ slightly from these 
curves, but the difference will not be 
significant. 

—Gilbert Smiley 


AVARIAC CIRCUIT FOR REGULATION MEASUREMENTS 


The typical regulation curves for the 
new' V-line Variacs, appearing on page 5 
of this issue of the Experivienterf w^ere 
derived from measurements made by a 
method w’hich differs markedly from 
conventional regulation measurement 
methods. Usually no load and full load 
voltages are measured, the difference 
being the regulation voltage drop, a 
satisfactory procedure w'here regulation 
is fairly large and accuracy tolerances 
are not close. 


When, as in the case of the Variac 
regulation measurements on page 5, the 
drop is but a fraction of a volt out of one 
or two hundred volts, the difference in 
reading is so slight, and is so greatly 
changed by even minor fluctuations of 
the supply voltage during measurement, 
reasonable accuracies cannot be ob¬ 
tained by conventional methods. Ob¬ 
viously, a better method had to be 
found, a method that would read regu¬ 
lation voltage directly with reasonable 


Figuro 1. CircuH for rogulolion mooturomonlft. 
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freedom from error introduced by minor 
line voltage variations. 

Figure 1 illustrates a circuit developed 
to meet these requirements, by the use 
of which accurate regulation measure¬ 
ments were easily obtained. This circuit 
is readily separated into functional di\i- 
sions, as noted on the diagram. 

Variac 1 and voltmeter, Vi, comprise 
the means for maintaining supply volts 
at an approximately correct level. 
Variac 1 needs be but large enough to 
supply the circuit losses. As an examplej 
a V-5 (5 ampere rating) is adequate for 
measurement of all sizes up to V-20 
(20 ampere rating). 

Variac 2, resistor, R, switch, S, and 
ammeter, A, are *^pump-back^* con¬ 
nected to form an artificial load. While 
the pump)-back connection is old in both 
principle and practice, a short descrip¬ 
tion of the theory involved may be of 
interest to some of our readers. The 
circuit is based on the fact that, as long 
as full-load current is supplied by the 
transformer under test, this transformer 
may be considered to be fully loaded, 
provided only that the phase of the load 
current is correct. In the pump-back 
method, the potential difference between 
the loaded and loading transformers is 
made just sufficient to establish the 
desired current output from the loaded 
transformer. The loading transformer, 
Variac 2 , returns to the line the power 
supplied by the loaded transformer, 
Variac 3, minus only such losses as occur 
in the transformers and the connecting 
circuit. Resistor, R, is included to facili¬ 
tate close adjustment of current. Ob¬ 
viously, Variac 2 and resistor, R, must 
be capable of handling the current sup¬ 
plied by Variac 3. Voltmeter, V 2 , indi¬ 
cates the output voltage of Variac 3 for 
each measurement point, and should be 
read \Wth s>vitch, S, open. 


The novelty in the circuit is con¬ 
tained in the use of Variac 4 as a com¬ 
parison or reference unit, and the use 
of voltmeter, V3, to read regulation 
voltage drop directly. With the line 
voltage at a proper value and with 
Variac 3 set to a de.sired voltage, switch, 
S, i.s opened. Variac 4 is then adjusted 
until voltmeter, V3, reads zero. Switch 
S is then closed and Variac 2 and resis¬ 
tor, R, are adjusted to the desired cur¬ 
rent reading on ammeter, A. V 3 will 
now read regulation voltage drop di¬ 
rectly. Effectively, Variac 4 has been 
set at the no-load voltage of Variac 3 
and maintains this voltage throughout 
the measurement. Minor fluctuations in 
line voltage change the voltage output 
of Variac 4 by exactly the same amount 
as they would change the no-load volt¬ 
age of Variac 3, thus offsetting errors 
from this cause. Voltmeter, V3, should, 
of course, have a scale to agree with 
the anticipated regulation voltage 
drop, wiiich, as it is read directly, 
may be determined with satisfactory 
accuracy. 

A voltage-divider, ‘^potentiometer,’' 
may be substituted for Variac 4 if 
measurements are not to exceed line 
voltage. When, as with Variacs \vhich 
have an overvoltage feature or with 
step-up trausformers, measurements 
must be made at values exceeding line 
voltage, a Variac in this position enables 
the method to be applied. 

Voltmeters, V2 and V3, should have 
sufficiently high impedance to be a 
negligible load on their respective cir¬ 
cuits. Type 1800-A Vacuum Tube Volt¬ 
meters were used to obtain the data for 
the V line regulation cuiwes. Multiple 
scale instruments, particularly in the 
case of V3, permit closer reading of both 
zero adjustments and measured values. 

— Gilbert Smiley 
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MtlvilU Eottham Arthur E. ThUtMn 


HONORS —Certificates of Commenda¬ 
tion have l^en awarded by the Navy 
Department, Bureau of Ships, to Mel¬ 
ville Eastham, Chief Engineer, and 
Arthur E. Thiessen, Vice-President of 
the General Radio Company, for their 
contributions to the successful prosecu¬ 
tion of the war. 

The award to Mr. E^tham was made 
for his ‘‘outstanding leadership, vision, 
and perseverance, as Director of the 
Loran Development, Radiation Labora¬ 
tory, in the development of the Loran 
system from its inception to its culmina¬ 
tion as an operating system.” 

Mr. Thiessen's certificate was awarded 
for his ‘‘outstanding coo|)eration in the 
rapid expansion of the facilities of the 
General Radio Company from peace¬ 


time manufacture to wartime produc¬ 
tion of large quantities of superior 
quality electronics test equipment.” 

Technical Papers — presented by R. 

A. Soderman of the Development En¬ 
gineering Staff: “U-H-F Measurements,” 
Seattle Section, I.R.E., September 17; 

‘‘A V-H-F Bridge for Impedance Meas¬ 
urements at Frequencies Between 20 
and 140 Me,” Portland Section, I.R.E., 
September 18, and at the West Coast 
Convention, I.R.E., September 25; both 
papers at Los Angeles before the Elec¬ 
tronics Section, A.LE.E., September 30, 
and the San Diego Section, I.R.E., 
October 1. 

— presented by W. R. Thurston of the 
Development Engineering Staff: *‘U-H- 
F Measurements” at the October 21 
meeting of the U.R.S.I. at Washington, — 
D. C.; ‘‘Coaxial Elements and Con¬ 
nectors” at the National Electronics 
Conference, Chicago, November 3. 

Recent visitors to our laboratories: 

B. V. Baliga, M. L. Sastry, and N. N. 

Pai, of All-India Radiq, New Delhi; 

C. J. Gorter, Director, Kamerlingh 
Onnes Laboratory, University of Ley¬ 
den; and J. Hers, Union Observatory, 
Johannesburg. 
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